The development of a 20 kHz, AC power system by NASA for large space projects h a s spurred a need to develop models for t h e equipment which will be used on these single phase systems. To date, models for the AC source (i.e., inverters) have been developed. It is the intent of this paper to develop a method to model the single phase voltage controlled rectifiers which will be attached to t h e AC power grid a s an interface for connected loads. A modified version of EPRl's HARMFLO program is used as the shell for these models. The results obtained from the model developed in this paper are quite adequate for t h e analysis of problems such a s voltage resonance. The unique technique presented in this paper u s e s the ,Laplace transforms to determine the harmonic content of t h e load current of the rectifier rather than a curve fitting technique. Laplace transforms yield t h e coefficients of t h e differential equations which model the line current to the rectifier directly.
Plans for the further exploration of our solar system by NASA include t h e development of an orbiting space station (Freedom), a marnned lunar base, and a manned mission to Mars. All of these programs will require large facilities which are capable of supporting crews for long periods of time. The facilities must also suppon. equipment required to maintain communications, provide environmental needs, and power experimental instruments. To provide this energy, large capacity electrical power systems are required.
The operation and design of these systems are very similar to terrestrial electric power systems with several subtle differences: the space power system will be single phase, the frequency of t h e power system will be 20 kHz or higher, and the voltage will 'vary throughout the system. For example, semiconductors will be powered by voltages ranging from 10 to 100 V AC. Transmission voltage will be higher.
For these reasons, techniques developed for the design and analysis of terrestrial power systems are being adapted to space power systems.
The proposed frequency of space power systems is much ]higher than its terrestrial counterpart.
Also, t h e planned space power distribution system will be single phase rather than three phase. The preference for a single phase system is based on its technical advantages. First, a single phase system eliminates the complexity of resolving potential faults as in a rnultiphase redundant power distribution system. Secondly, the difficulty of achieving a balanced, low impedance a s in a mdtiphase transmission h e is non-existent. This function can be transformed into the frequency domain using the single sided, Laplace transform, which is defined by to give:
The entire single phase rectifier in the frequency domain is shown in Figure 3 . The current source, CV(0 + 1, is needed to account for the initial voltage which is present on the capacitor when the SCR is Equation (1) and Equattion (3) are substituted into Equation (21, the result is:
The input current to the rectifier firom the AC distribution system in the frequency domain, I (s), is now determined. To be useful, the input current in the time domain, I in, (t), must be found. This can be accomplished by expanding the above equation for I in (s) into its partial fraction form and then using the inverse Laplace transform to place it in the desired time domiain form.
When Equation (4) is put into its partial fraction form, it has the form :rP = j w , .
L I h o ( )
The values for the numerators of roots s , and s are found by: V,(s) must be determined. This is done by writing 
EXAMPLE
The following example is offered a s a means to demonstrate the theories presented in this paper. Since test results are not available at this time to provide the data needed to benchmark the results of this work, this example serves only as a sample of the techniques presented. The example is a system comprising a DC source connected to an inverter, two load busses, and lines connecting the network together.
One of the loads is a At this point, I ," (t) is known for one period. conventional constant P, Q load and the other is a Since t h e time domain form of I (t) can be single phase, voltage controlled rectifier. This expressed as network is shown in Figure 4 . The rectifier is the s a m e as the one shown in Figure 1 the coefficients of the series are determined by The test system w a s analyzed using the modified HARMFLO program and the results of that analysis are shown in Table 2 . Figure 5 shows the input current of the rectifier which the technique described in this paper produces. The current, when compared to the sample fundamental voltage waveform of the system, has a frequency It should also benoted that the results shown in Table 2 indicate that both the source, an inverter, and the rectifier load are sources of harmonic power which are consistent with the expected behavior of the system. A computation of the fundamental power contribution, using the fundamental voltage waveform and the current waveform shown in Figure 5 , yields a value of 0.76 kW which compares closely t o the value found in Table 2 . March 1990. His work embodied power plant testing, and development and application of engineering principles, computer algorithms and control devices to enhance the analysis and control of power system dynamics. From 1977 t o 1979, h e was a n Engineer with t h e Operation Department in Ontario Hydro Electric Power C6mmission, Toronto, Canada, where h e developed reliability indices and guidelines for system performance. He was a Research Officer in the R/D Division of the Ontario Ministry of r r a n s p o r t a t i o n a n d
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Communications. Toronto, Canada, from 1973 to 1 9 7 7 . He analyzed, modelled and simulated linear and rotating machine drives for ground transportation. He co-developed the first Reliability Data Bank for the anatysis of transit vehicles. Ontario, Canada, in 1967 , 1969 , 1973 and 1975 . He worked extensively on the analysis, modelling and experimentation of variable frequency-driven AC machines.
Dr. Kankam is a Registered Engineer in the Province of Ontario, Canada, a member of the Canadian Professional Engineers Association and a Senior member of the IEEE and its Industrial Application Society. His research interests include power system dynamics and control and AC drives. He has authored and co-authored numerous technical papers in his area of research and application.
* -
